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CLAIMS 


For the convenience of the Examiner, aU pending claims of the present AppUcation 
are shown below in numerical order whether or not an amendment has been made and 
applying the revised format guidelines of 37 CFR LI 21, 

1. (Original) An apparatus operable to convert wavelengths of a plurality of 
optical signals, the apparatus comprising: 

a coupler operable to receive a pump signal and a plurality of input signals each input 
signal comprising at least one wavelength different than the wavelengths of others of the 
plurality of it^ut optical signals; 

an optical medium operable to receive the pump signal and the plurality of input 
signals from the coupler, wherein the pump signal and each of the plurality of input signals 
are synchronized to overlap at least partially during at least a part of the time spent traversing 
the optical medium to facilitate generation of a plurality of converted wavelength signals 
each comprising a wavelength that is different than the wavelengths of at least some of the 
plurality of input signals; 

wherein a cross-talk between the converted wavelength signals comprises less than 
minus fourteen decibcis (-14 dB) over a wavelength range of at least seven (7) nanometers or 
wherein a polarization sensitivity of the converter is less than 1.2 decibels over a wavelength 
range of at least seven (7) nanometers, 

2, (Original) The £^)paratus of Claim 1, wherein the coupler comprises a 
wavelength division multiplexer. 

3, (Original) The ^paratus of Claim 1, wherein the Optical medium is coupled 
directly to the coupler. 

4, (Original) The e^paratus of Claim 1, wherein the pltirality of input signals 
comprise signals in a first band of wavelengths and wherein the plurality of converted 
wavelength signals comprise signals in a second band of wavelengths. 
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5. (Original) The apparatus of Claim 4, wherein the first band comprises the 
conventional band (C-band) of wavelengths and wherein the second band comprises either 
the short band (S-band) or the long band (L-band) of wavelengths. 

6. (Original) The apparatus of Claim 1, wherein a wavelength of the pump 
signal resides speofaally between wavelengtfis of at least some of the pluraUly of input signals 
and wavelengths of at least some of the plurality of converted wavelength signals. 

7. (Original) The ^aratus of Claim 6, wherein the spectrimi of the pl^^ 
coavertcd wavelength signals comprises an approximate mirror image of the spectrum of the 
plurality of i^put signals. 

8. (OHgSnal) The apparatus of Claim 1, wherein the optical medium conqirises 
a medium operable to faciUtate a Chi-3 or an effective Chi-3 nonlinear effect resulting in 
generation of the converted wavelength signals comprising instances of the optical input 
signals reflected about a wavelength of the pump signal 

9. (Original) The qjparatus of Claim 8, wherein the Chi-3 or effective Chi-3 
nonlinear effect comprises parametric amplification, modulation instability, or four wave 
mixing. 

10. (Original) The apparatus of Claim U wherein the optical medium comprises 
a propagation length selected to result in a conversion efficiency of at least 4.7 decibels and a 
cross talk of -27 decibels or less in the converted wavelength signals over a wavelength range 
of at least 30 nanometers. 

11- (Original) The apparatus of Claim 1, wherein the optical medium comprises 
a first end and a second end, and wherein the coupler comprises a polarization beam splitter 
coi^led between the first end and the second eiid of the optical medium, the polarization 
beam splitter operable to communicate portioiis of received signals having a first polarization 
in one direction through the optical medium and to c mmunicate portions of the received 
signals having a second polarization in a second direction through the optical medium. 
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12. (Currently Amended) The apparatus of Claim 1 - Claim 11. wherein the 
optical medium fiiciUtates generation of the plurality of converted wavelength signals 
through at least substantially unidirectional interaction between portions of the pump signal 
and input signals having the first polarization and at least substahtiaily unidirectional 
interaction between portions of the pump signal and input signals having the second 
polarization. 

* 

13. (Original) The apparatus of Claim 1, wherein die polarization sensitivity 
comprises 0.6 decibels or less over a wavelength range of at least 35 nanometras. 
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14. (Currently Amended) A multiple wavelength converter, comprising: 

a coupler operable to receive a pump signal and a pluraUty of input optical signals 

each having at least one wavelength distinct from wavelengths of others of the plurality of 

input optical signals; 

a nonlinear optical medium operable to facilitate interaction between the pump signal 
and the plurality of input optical signals to generate a plurality of converted wavelength 
optical signals each comprising a wavelength different than at least some of the wavelengths 
of the plurality of input optical signals; ' 

wherein the nonlinear optical medium con^rises a propagation length selected to 
result in conversion efficiency of at least minus sixteen decibels (-16 dB) and a cross-talk 
associated with the converted wavelength optical signals of minus fourteen decibels (-14 dB) 
or less and a over a wavelength range of at least seven (7) nanometers. 

15, (Original) The multiple wavelength converter of Claim 14, wherein flie 
coupler comprises a wavelength division multiplexer, 

16, (Original) The multiple wavelength converter of Claim 14, wherein the 
plurality of input signals comprise signals in a furst band of wavelengths and wherein the 
plurality of converted wavelength signals comprise signals in a second band of wavelengths. 

17, (Original) The multiple wavelength converter of Claim 16, wherein the first 
band comprises the conventional band (C-band) of wavelengths and wherein the second band 
comprises either the short band (S-band) or the long band (L-band) of wavelengths. 

18, (Original) The multiple wavelength converter of Claim 14, wherein the 
optical medium comprises a mediimi operable to facilitate a Chi-3 or effective Chi-3 
nonlinear effect resulting in generation of the converted wavelength signals comprising 
instances of the optical input signals reflected about a wavelength of the pump signal. 

19, (Original) The multiple wavelength converter of Claim 1 8, wherein the Chi- 
3 or eSective Chi-3 nonlinear effect comprises parametric amplification, modulation 
instability, or four wave mixing. 
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20. (Original) The multiple wavelength converter of Claim 14, wherein the 
optical medium comprises a first end and a second end, and wherein the coupler comprises a 
polarization beam splitter coupled between the first end and the second end of the optical 
medium, the polarization beam splitter operable to communicate portions of received signals 
having a first polarization in one direction through the optical medium and to communicate 
portions of the received signals having a second polarization in a second direction through 
the optical medium. 


21. (Currently Amended) The multiple wavelength coriveiter of H nf m 
Clain^ 20, wherein the optical medium fecilitates generation of the plurality of converted 
wavelength signals through at least substantially unidirectional interaction between portions 
of the pump signal and hxput signals having the first polarization and at least substantially 
unidirectioiial interaction between portions of the pump signal and input signals haying the 
second polarization. 

22. (Original) The multiple wavelength converter of Claim 14, wherein the 
conversion efficiency comprises at least 4.7 decibels and wherein the cross-talk comprises 
less than minus twenty-seven decibels (-27 dB) over a wavelength range of at least thirty 
(30) nanometers. 
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23. (Original) A multiple wavelength converter, comprising; 
a polarization beam splitter operable to receive a plurality of input optical signals and 
to communicate a first portion of each of the plurality of input optical signals comprising a 
first polarization in one direction, and to communicate a second portion of each of the 
plurality of input optical signals comprising a second polarization in a second direction; 

an optical medium operable to propagate a first pump signal comprising 
approximately tiie first polarization and the first portions of the ir^ut signals in a first 
direction, and to propagate a second pump signal comprising approximately the second 
polarization and the second portions of the input signals in a second direction; 

wherein the optical medium facilitates at least substantially unidirectional interaction 
between the first portions of the input signals and the first pump signal and between the 
second portions of tiie input signals and the second pump signal to generate fiirst portions and 
second portions of a plurality of converted wavelength signals; and 

wherein the polarization beam splitter is operable to receive and combine the first and 
second portions of the plurality of converted wavelength signals to form a plurality of 
converted wavelength signals. 

24. (Original) The multiple wavelength converter of Claim 23, wherein the 
plurality of input signals comprise signals in a first band of wavelengths and wherein the . 
plurality of converted wavelength signals comprise signals in a second bdnd of wavelengths. 

25. (Original) The multiple wavelength converter of Claim 23, wherein a 
wavelength of the piunp signal resides spectrally between wavelengths of at least some of the 

plurality of input signals and wavelengths of at least some of the plurality of converted 

* 

wavelength signals, 

26. (Original) The multiple wavelength converter of Claim 23, wherein the 
optical medium comprises a medium operate to &cilitate a Chi-3 or effective Ghi-3 
nonlinear effect resulting in generation of the converted wavelength : signals comprising 
instances of the optical input signals reflected about a wavelength of the pump signal. 
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27. (Original) The multiple wavelength converter of Claim 26, wherein the Chi- 
3 or efifective Chi-S nonlinear effect comprises parametric ampUfication, modulation 
instability, or four wave mixing. 

28. (Original) The multiple wavelength converter of Claim 23, wherein the 
optical medium comprises a propagation length selected to result in a cross talk of less than 
minus fourteen (-14) decibels over a wavelength range of at least seven (7) nanometers. 

29. (Original) The multiple wavelength converter of Claim 23, wherein the 
optical medium comprises a propagation length selected to result in a cbss talk of less than 
minus twenty^seven (-27) decibels over a wavelength range of at least thirty (30) nanometers. 

30. (Original) The multiple wavelength converter of Claim 23, wherein the 
optical medium comprises a polarization maintaining fiber. 

31. (Original) The multiple wavelength converter of Claim 23, further 
comprisiog a polarization cotitroller coupled to the optical medium and operable to facilitate 
directing at least substantially all of the converted wavelength signals fiom a single output 
port of the polarization beam splitter. 

32. (Original) The multiple wavelength converter of Clain 31, wherein the 
single output port comprises the input port that receives the plurality of ihput optical signals, 
and further comprising a cu-culator operable to direct the converted wavelength signals from 
the path of the input optical signals. 

, 33, (Original) The multiple wavelength converter of Claim 23, wherein the first 
pump signal and the second pump signal comprise approximately orthogonally polarized 
portions separated &om a pump signal generated by a single pump source] 

I 

34, (Original) The multiple wavelength converter of Claim 23, wherein the first 
pump signal and the second pump signal comprise pump signals generated at separat pimip 
sources. 
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(Original) The multiple wavelength converter of Claim 23, further 


operable to introduce one of the pump signals to the optical medium. 

36. (Original) The multiple wavelength converter of Claim 23, wherein a 
polarization sensitivity of the converter comprises less than 1.2 decibels over a wavelength 
rai^ of at least 7 nanometers. 

37, (Original) The multiple wavelength converter of Claim 23, wherein a 
polarization sensitivity of the converter co^^)rises 0.6 decibels or less over a wavelength 
range of at least 35 nanometers. 
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3 8. (Currently Amended) A multiple wavelength converter, comprising: 
an optical gaiq medium comprising: 

a first end operable to receive from a polarization beam splitter first portions 
of aplurality of input optical signals and a first pump signal, each of tlxe;first portions and the 
first pump signal comprising at least substantially a first polarization; and 

a second end operable to receive second portions of the plurality of input 
optical signals and a second pump signal, the second portions and the second pump signal 
comprising at least substantially a second polarization approximately orthogonal to the first 
polarization; 

wherein the optical gain medium is operable to facilitate \at least substantially 
unidirectional interaction between the first portions and the first pump signal to generate first 
portions of a plurality of converted wavelength signals* and to facilitate at least substantially 
unidirectional interaction between the second portions and the second pump signal to 
generate second portions of the plurality of converted wavelength signals, wherein the first 
and second portions of the plurality of converted wavelength signals are operable to be 


signals. 


wavelength 


39. (Original) The multiple wavelength converter of Claim 38, wherein the 
plurality of input signals comprise signals in a first band of wavelengths and wherein the 
plurality of converted wavelength signals comprise signals in a second band of wavelengths, 

40. (Original The multiple wavelength converter of Claim 38, wherein the 
optical medium comprises a medium operable to facilitate a Chi-3 or efFcctive Chi-3 
nonlinear effect resulting in generation of the converted wavelength signals comprising 
instances of the optical iapnt signals reflected about a wavelength of the pump signal, 

41. (Orlgittfll) The multiple wavelength converter of Claina 38, wherein the 
optical medium comprises a propagation length selected to result in a cross talk of less than 

* * 

minus fourteen (-14) decibels over a wavelength rang© of at least seven (7) nanometers. 
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42. (Original) The multiple wavelength converter of Ckim 38, wherein the 
optical medium con^jrises a propagation length selected to result in a cross talk of less tfian 
minus twenty-seven (-27) decibels over a wavelength range of at least thirty nanom^ers. 

43. (Original) The multiple wavelength converter of Qaim 38. wherein the 
optical medium comprises a polarization maintaining fiber, 

44. (Original) The multiple wavelength converter of Claim 38, further 
comprising a polarization controller coupled to the optical medium and operable to facilitate 
directing at least substantially all of the converted wavelength signals fiom a single output 
port of the polarization beam spUtter. 

45. (Original) The multiple wavelength converter of Claim 44, wherein the 
single output port comprises the input port that receives the plurality of input optical signals, 
and further comprising a circulator operable to direct the converted wavelength signals from 
the path of the input optical signals* 

46. (Original) The multiple wavelength converter of Claim 38, wherein the first 
pump signal and the second pump signal comprise approximately orthogonally polarized 
portions separated from a pump signal generated by a single pump source. 

47. (Original) The multiple wavelength converter of Claim 38, further 
conaprising a first optical coupler and a second optical coupler each residing between the 
polarization beam splitter and an end of the optical medium, wherein each optical coupler is 
operable to introduce one of the pump signals to the optical medium. 

I 

48. (Original) The multiple wavelength converter of Claim 38, wherein a 
polarization sensitivity of the converter comprises less than 1.2 decibels over a wavelength 
range of at least 7 nanometers. 
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49. (Original) The multiple wavelength converter of Claim 38, wherein a 
polarization sensitivity of the converter comprises 0.6 decibels or less over a wavelei^ 
rax^ge of at least 35 nanometers. 

50. (Original) The multiple wavelength converter of Claim 38, wherein the 
polarization beam splitter comprises: 

a first port operable to receive the pump signal and a plurality of ii^ut optical signals; 

a second port operable to communicate toward the first end of the optical medium the 
first portions of the pump signal and the plurality of input optical signals, and to receive fiom 
the second end of the optical medium the second portions of the plurality of converted 
wavelength optical signals; 

a third port operable to communicate toward the second end of the optical medium 
the second portions of the pump signal and the plurahty of input optical signals, and to 
receive fix)m the first iend of the optical medium the first portions of the plurality of converted 
wavelength optical signals; and 

a fourth port operable to communicate the plurality of converted wavelength optical 

signals. 
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51. (Original) A system operable to generate a plurality of optical signals each 
having at least one distinct wavelength, the system comprising: 

a plurality of optical transmitters eadi operable to generate one of a pluraUty of 
optical input signals each comprising a wavelength in a firet subset of wavelengths; and 

a multiple wavelength converter coupled to the plurality of optical transmitters and 
operable to approximately simultaneously generate, for each of the pluraUty of optical input 
signals, a converted wavelength signal comprising a wavelength hi a second subset of 
wavelengths; 

wherein a cross-talk betweea the converted wavelength signals comprises less than 
minus fourteen decibels (-14 dB) over a wavelength range of at least seven (7) nanometers or 
wherein a polarization sensitivity of the converter is less than 1.2 decibels over a wavelength 
range of at least seven (7) nanometers. 


52. (Original) The system of Claim 51, wherein the first subset of wavelengths 
resides within a first communications band and wherein the second subset of wavelengths 
resides within a second communications band. 

53. (Original) The system of Clahn 52, wherein the first communications band 
comprises the conventional band (C-band) of wavelengths and wherein the second 
communications band comprises either the short band (S-band) or the long band (L-band) of 
wavelengths. 

54. (Original) The system of Claim 51, wherein the multiple wavelength 
converter comprises an optical medium operable to receive a pump signal and the plurality of 
input signals, wherein the pump signal and each of the pluraUty of input signals are 
synchronized to overlap at least partially during at least a part of the time spent traversing the 
optical medium to facilitate generation of the plurality of converted wavelength signals. 

55. (Original) The system of Claim 54, wherein the optical medium comprises a 
medium operable to facilitate a Chi-3 or effective Chi-S nonlinear effect resulting in 
generation of the converted wavelength signals comprising instances of the optical input 
signals reflected about a wavelength of the pump signal, 
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56. (Original) The system of Claim 54, wherein the optical medium comprises a 
propagation length selected to result in a cross talk of minus twcnty-seven (-27) decibels or 
less in the converted wavelength signals over a wavelength range of at least seven (7) 
nanometers, 

57. (Currently Amended) The system of Clahn 51, wherein the multiple 
wavelength converter comprises an optical gain mediimi comprising: 

a first end operable to receive fiom a polarization beam splitter first portions of a 
plurality of input optical signals and a first pump signal, each of the first portions and the 
first pump signal comprising at least substantially a first polarization; and 

a second end operable to receive second portions of the plurality of input optical 
signals and a second pump signal, the second portions and the second pump signal 
comprising at least substantially a second polarization approximately orthogonal to the first 
polarization; 

wherein the optical gain medium is operable to facilitate at least substantially 
unidirectional interaction between the first portions and the first pump signal and between the 
second portions and the second pump signal to facilitate generation of the plurality of 
converted wavelength signals, 

58. (Originit]) The system of Claim 57, wherein the optical medium comprises a 
polarization maintaining fiber. 

59. (Original) The system of Claim 57, further comprising a polarization 
controller coupled to the optical medium and operable to facilitate directing at least 
substantially all of the converted waveliength signals firom a single output port of the 
polarization beam splitter. 


60. (Original) The system of Claim 59, wherein the single output port comprises 
the input port that receives the plurality of injmt optical signals, and further comprising a 
circulator operable to direct the converted wavelength signals from th path of the input 
optical signals. 
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61. (Currently Amended) The multiplo wovolongth oonv fl rter system of Claim 
51, wherein a polarization sensitivity of the converter comprises 0.6 decibels or less over a 
wavelength range of at least 35 nanometers. 
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62. (Currently Amended) A system operable to convert a plurality of 
wavelengths, the system comprising: 

one or more optical transmitters operable to generate alone or in combination a 
pluraUty of optical input signals csach comprising a wavelength in a fiist commxinications 
band; and 

a multiple wavelength converter coupled to the one or more optical tranOTiitters and 
operable to approximately aimultancouoly generate, for each of the plurality of optical input 
signals, a converted wavelength signal comprising a wavelengdi in a second communications 
band; 

jKherein the multiple wavelength converte r comprises an optical fiber having ^ 
propagatioa^length and a zero dispersion wav e length, the optical fiber operable to receive a 
pump signal having a pumo wavelength- the pronagatitm length and a spectral re 1atfntifi>^iy> 
between the zero dispersion wavelength and the pump wavelength at least paitiallv 
determiniiig the amplitudes of t he plurality of converted wavelen g th signals . 

■ 

63. (Original) The system of Claim 62» wherein the first communications band 
comprises the conventional band (C^band) of wavelengths and wherein the second 
communications band comprises either the short band (S-band) or the long band (L-band) of 
wavelengths. 

64. (Original) The system of Claim 62, wherein a cross-talk between the 
converted wavelength signals comprises less than minus foinrteen decibels (^14 dB) over a 
wavelength range of at least seven (7) nanometers or wherein a polarization sensitivity of the 
converter is less than 1 .2 decibels over a wavelength range of at least seven (7) nanometers. 

65. (Original) The system of Claim 62» wherein the multiple wavelength 
converter comprises an optical medium operable to receive a pump signal and the plurality of 
input signals, wherein the pump signal and each of the plurality of input signals are 
synchronized to overlap at least partially during at least a part of the time spent traversing the 
optical medium to facilitate generation of the plurality of converted wavelength signals. 
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66. (Currently Amended) The system of Claim 62, wherein the multiple 
wavelength converts comprises an optical gain medium comprising: 

a first end operable to receive finom a polari2ation beam spUtter first portions of a 
plurality of input optical signals and a first pump signal, each of the first portions and the first 
pump signal comprising at least substantially a first polarization; and 

■ 

a second end operable to receive second portions of the plurality of inpxit optical 
signals and a second puxnp signal, the second portions and the second pump signal 
comprising at least substantiaUy a second polarization approximately orthogonal to the first 
polarization; 

^ ^ cue gain ..diu. . . « ^ 

unidirectional mteraction between the first portions and the first pump signal and between the 
second portions and the second punqj signal to facilitate generation of the plurality of 
converted wavelength signals. 

67, (Carrently Amended) The system of Claim 62 riair» ({^ ^ wherein the 
optical medium comprises a propagation length selected to result in a cross talk of minus 
twenty-seven (-27) decibels or less in the converted wavelength signals over a wavelength 
range of at least seven (7) nanometers. 

68, (Original) The system of Claim 62, wherein a polarization sensitivity of the 
converter comprises 0.6 decibels or less over a wavelength range of at least 35 nanometers. 
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69. (Original) A system opcsrable to convert a plijrality of wavelengths to 
facilitate protection switching, the system comprising: 

an optical medium operable to. communicate optical signals conq>ri8ing wavelengths 
residing in a first set of wavelengths or a second set of wavelength^; 

a multiple wavelength converter coupled to the optical medium, the multiple 
wavelength converter operable to receive a plurality of optical signals each comprising a 
wavelength in the first set of wavelengths and to approximately simultaneously generate, for 
each of the pluraUty of optical signals, a converted wavelength signal conqjrising a 
wavelength in the second set of wavelengths; 

wherein the second set of wavelengths comprises a protection path for the first set of 
wavelengths operable to be utilized in the event of detection of a fs^ilt associated with a 
communication path canying optical signals compriring wavelengths 
wavelengths or a fault associated with the optical signals. 

70. (Original) The system of Claim 69, wherein the optical medium comprises: 
a first optical medium operable to communicate signals comprising wavelengths in 

the first set of wavelengths; and 

a second optical medium operable to communicate signals conqjiising wavelengths in 
the second set of wavelengths, 

71. (Original) The system of Claim 70, wherein the first! and second optical 
media comprise physically distinct media fiom one another. 

72. (Original) Hie system of Claim 69, wherein the first set of wavelengths 
resides in the conventional communications band and wherein the second set of wavelengths 
resides in either the short communications band (S-band) or the long communications band 
(L^band) of wavelengths, 

73. (Original) The system of Claim 69, wherein the wavelength converter is 
operable to generate the converted wavelength signals in response to a fault detected 
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74. (Original The system of Claim 69, wherein a cross-talk between the 
converted wavelength signals comprises less than minxjs fourteen decibels (-14 dB) over a 
wavelength range of at least seven (7) nanometers or wherein a polarization sensitivity of the 
converter is less than 1.2 decibels over a wavelength rai^ge of at least seven (7) nanometers. 

I 

75. (Orfgliial) The system of Claim 69, wherein the multiple wavelength 
converter comprises an optical medium operable to receive a pump signal and flie plurality of 
input signals, wherein the pump signal and each of the pluraUty of input signals are 
synchronized to over^p at least partiaUy during at least a part of the tinie spent traversing the 
optical medium to facilitate genesration of flie plurality of converted wavelength signals. 

76. (Currently Amended) The system of Claim 69, wherein the multiple 

' 4 i 

wavelength converter comprises an optical gain medium comprising: 

a first end operable to receive from a polarization beam splitter first portions of a 
plurality of input optical signals and a first pump signal, each of the first portions and the first 
pump signal comprising at least substantially a first polarization; and 

a second end operable to receive second portions of the plurality of input optical 
signals and a second pump signal, the second portions and the Second pun^> signal 
comprising at least substantially a second polarization approximately orthogonal to the first 
polarization; 

wherein the optical gain medium is operable to facilitate at least substantially 
tmidirectional interaction between the first portions and the first pump signal and between the 
second portions and the second pump signal to facilitate generation of the plurality of 
converted wavelength signals* 

77. (Original) The system of Claim 69, wherein the optical medium comprises a 
propagation length selected to result in a cross talk of minus twenty-seven (-27) decibels or 
less in the converted wavelength signals over a wavelength range of at least seven (7) 
nanometers. 

78. (Original) The system of Claim 69, wherein a polarization sensitivity of the 
converter comprises 0.6 d cibels or less over a wavelength rang of at leaist 35 nanometers. 


DAlJ0l:754759.l 

PAGE 23/39 ' RCVD AT 1 1/19/2003 1 1 :03:46 AM [Eastern Standard Time] ' SVR:USPTO-EFXRF-1fO ' DNIS:8729306 ' CSID:214 953 6503 ' DURATION (fnm^j:12-14 


BAKER BOTTS Fax : 21 a-953-6503 Nov 19 2003 10:18 P, 24 


PATENT APPUCATION 

069204.0107 09/885,678 

20 


wavelengtti 


79. (Original) A method of generating a plurality of < 
signals, comprising: 

receiving a plurality of optical input signals each comprising at least one distinct 
wavelength; 

receiving a pump signal comprising a pump wavelength that is either shorter or 
longer than each of the wavelengths of the plurality of input optical signals; 

copropagating the plurahty of input optical signals and the pump signal over a 
nonlinear optical medium; 

generating a plurality of converted wavelength signals based on an interac^on 
between the plurality of input optical signals and the pump signal; 

wherein a cross-talk between the converted wavelength signals con^iiises less than 
minus fourteen decibels (-14 dB) over a wavelength range of at least seven (7) nanometers or 
wherefax a polarization sensitivity associated with the converted wavelength signals is less 
than 1 ,2 decibels over a wavelength range of at least seven (7) nanometers, 

80, (Original) The method of Claim 79, wherein the plurality of input signals 
comprise signals in a first band of wavelengths and wherein the plurality of converted 
wavelength signals comprise signals in a second band of wavelengths, 

8L (Original^ The method of Claim 80, wherein the first hand comprises the 
conventional band (C-band) of wavelengths and wherein the second band comprises either 
the short band (S-band) or the long band (L-band) of wavelengths. 

82. (Original) The method of Claim 79, wherein the optical medium coinprises a 
medium operable to facilitate a Chi-3 or effective Chi-3 nonlinear effect- 

83- (Original) The method of Claim 82, wherein the Chi-3 or ejffective Chi-3 
nonlinear effect comprises parametric amplification, modulation instability or four wave 
ixiixing. 


DAL0l:754759.l 

PAGE 24/39 * RCVD AT 11/19/2003 11:03:46 AM [Eastern Standard Time] ' SVR:USPTO-EFXRF-t/0 ' DNIS:8729306 ' CSID:214 953 6503 ' DURATION (mm-ss):12-14 


1 


BAKER BOTTS Fax:214-953-6503 Nov 19 2003 10:19 P. 25 


A™ey DOCKET NO. PAIBNT AJPUCAnoN 

09/885,678 

21 


ses a 


84. (Original) The method of Claim 79. wherein the optical medium compri 
propagation length selected to result in a conversion efficiency of at least 4.7 decibels and 
cross talk of -27 decibels or less in the converted wavelength signals over a wavelength range 
of at least 30 nanometers. 

85. (Original) The method of Claim 79. wherein receiving a plurality of optical 
input signals comprises: 

receiving the pluraUty of optical irq>ut signals at a polarization beam splitter; and 
separating each of the pluraUty of optical input signals into a first portion comprising 
a first polarization and a second portion comprising a second polarization. 

86. (Original) The method of Claim 85, wherein receiving a pump signal 

cbn^rises: 

receiving the pump signal at a polarization beam spUtter, and 
separating the pump signal into a first pump signal comprising a first polarization and 
a. secorid pump signal comprising a second polarization. 

87. (Original) The method of Claim 86, wherein copropagating the plurality of 
input optical signals and the pump signal over a nonlinear optical medium comqjrises: 

propagating the first portions and the first pump signal in one direction ttirough the 
) optical medium; and 

propagating the second portions and the second pump signal in a second direction 
opposite the first direction througji the optical medium. 

88. (Original) The method of Claim 79, wherem a polarization sensitivity 
associated with the converted wavelengths comprises 0.6 decibels or less over a waveleogth 
range of at least 35 nanometers. 
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89. (Originiil) A method of generating a plurality of converted wavelength 
signals, comprising: 

receiving a plurality of optical input signals each comprising at least one distinct 
wavelength; 

receiving a pump signal comprising a pump wavelength that is either shorter or 
longer than each of the wavelengths of the plurality of input optical signals; 

copropagating the plurality of input optical signals and the pump signal over a 
nonlinear optical medium, the nonlinear medium comprising a propagation length; 

generating a plurahty of converted wavelengdi signals based on an interaction 
between the plurality of input optical signals and the pun^ signal; 

wherein the propagation length of the optical medium is selected to result in a 
conversion efficiency of at least minufi sixteen (-16) decibels and a cross talk of minus 
fourteen (-14) decibels or less in the converted wavelength signals ove^ a wavelength range 
of at least seven (7) nanometers. 

90. (Original) The method of Claim 89, wherein the plurality of iiqjut signals 
comprise signals in a first band of wavelengths and wherein the plurality of converted 
wavelength signals comprise signals in a second band of wavelengths. 

91. (Original) The method of Claim 89, wherein receiving a plurality of optical 
input signals comprises: 

receiving the plurality of optical input signals at a polarization beam splitter; and 
separating each of the plurality of optical iBput signals into a first portion comprising 
a first polarization and a second portion comprising a second polarization. 

92. (Origiiial) The method of Claim 91 » wherein rec^ving a pump signal 
comprises: 

receiving the pump signal at a polarization beam splitter; and 

separating the pimip signal into a first pump signal comprising a first polarization and 
a second pump signal comprising a second polarizatioiL 
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93. (Origiiial) The method of Claim 92, wherein copropagating the plurality of 
input optical signals and the pump signal over a nonlinear optical medium comprises: 

propagating the first portions and the first pump signal in one direction through the 
optical medium; and 

propagating the second portions and the second pump signal in a second direction 
opposite the first direction through the optical medium. 

94. (OriginaO The method of Claim 89, wherein the optical medium cornprises a 
propagation length selected to result in a conversion efficiency of at least 4.7 decibels and a 
cross talk of -27 decibels or less in the converted wavelength si^ials over a wavelength range 
of at least 3 0 nanometersi 

95. (OriginaO The method of Claim 89, wherein a polarization sensitivity 
associated with the converted wavelengths comprises 0.6 decibels or less over a wavelength 
range of at least 35 nanometers. 
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96. (Currently Amended) A method of generating a plurality of converted 
wavelength signals, comprising: 

receiving at a polarization beam splitter a plurality of optical input signals each 
comprising at least one distinct wavelength; 

separating each of the plurality of optical input signals into a first portion comprising 
a first polarization and a second portion comprising a second polarization; 

copropagating the first portions and a first pump signal in a first direction along a 
nonlinear optical medium, wherein an interaction between the first pump signal and the first 
portions results in generation of first portions of converted wavelength signals; 

copropagating the second portions and a second pump signal in a second diroctioa 
opposite the^ first direction along the nonlinear optical medium, wherein an interaction 
between the second pump signal and the second portions results in generation of second 
portions of converted wavelength signals; and 

combining the first and second portions of the converted wavelength signals at the 
polarization beam splitter to form a plurality of converted wavelength signals, 

97- (Origiaal) The method of Claim 96, wherein the plunflity of input signals 
comprise signals in a first band of wavelengths and wherein the plur^ty of converted 
wavelength signals comprise signals in a second band of wavelengths, 

* 

98. (Original) The method of Claim 96, wherein the optical medium comprises a 
propagation length selected to result in a conversion efficiency of at least minus sixteen (-16) 
decibels and a cross talk of minus fourteen (-14) decibels or less in the converted wavelength 
signals over a wavelength range of at least seven (7) nanometers. 

99, (Original) The method of Claim 96» wherein the o|itical tnediimi conqMises a 
polarization maintaining fiber* 
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100. (Original) The method of Claim 96, wherein cojiropagating the firat portions 
and the first pump signal and oopropagathig the second portions and the second pump signal 
comprises controlling the polarization of the first and second portidns and the first and 
second pump signals to direct at least substantially all of the converted wavelength signals 
from a single output port of the polarization beam splitter. 

101. (Currently Amended) The method of Claim 100, wherein the single output 
port comprises the input port that receives the plurality of input optical signals, and further 
compriaing a fiompiisiiag redinecthig the converted wavelength signals leaving the output port 
fimm ■flie path of the input optical signals. 

I 
I 

102. (Original) The method of Claim 96, wherein copropagating the first portions 
arid the first pump signal and copropagating the second portions and the second pump signal 
comprises introducing the first and second pump signals to the optical medium without 
passing the first and second pump signals through the polarization beam splitter. 

103. (Original) The method of Claim 96, wherein the first pump signal and the 
second pump signal comprise approximately orthogonally polarized poriions separated ftom 
a pump signal generated by a single piunp source. 

104. (Original) The method of Claim 96, wherein the first pump signal and the 
second punq) signal comprise pump signals generated at separate pump s6urces. 

105. (OriginaO The method of Claim 96, wherein a polarization sensitivity 
associated with the converted wavelengths comprises less than 1.2 dedbels or less over a 
wavelength rang© of at least 7 nanometers. 

106. (Original) The method of Claim 96, wherein a polarization sensitivity 

I 

associated with the converted wavelengths comprises 0.6 decibels or less over a wavelength 
range of at least 35 nanometers. 
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107* (Currently Amended) A method of generating a plurality of converted 
wavelength signals, comprising: 

receiving a plurality of optical input signals each comprising; at least one distinct 
wavelength residing in a first communications band; ; 

receiving a pump signal comprising a pump wavelength that is dther shorter or 
longer than each of the wavelengths of the plurality of input optical signals; 

copropagating the plurality of iiq>ut optical signals and the pump signal over a 
nonlinear optical medium, the nonlinear op tical medium comprising an optical fiber having a 
propagation length and a zero dispersion wa velength aasociated with theioptical fiber ! and 

generating a plurality of converted wavelength signals based on an interaction 
between the plurality of input optical signals and the pump signal, wherein the plurality of 
converted wavelength signals reside in a second communications I band, wherein the 
propagation length and a spectral relatioiishin b etween the zero dispersion wavelength and 

the pump wavelength at least partia Uv determines the amplitudes of the plurality of convei ^^ed 
wavelength aigpftlfl 

108. (Original) The method of Claim 107, wherein a cross-talk between the 
converted wavelength signals comprises less than minus fourteen deciljels (-14 dB) over a 
wavelengdi range of at least seven (7) nanometers or wherein a pol^zation sensitivity 
associated with the converted wavelength signals is less than 1,2 decibels over a wavelength 

* * * 

range of at least seven (7) nanometers. 

109. (OriginaQ The method of Claim 107, wherein the first ;band comprises the 
conventional band (C-band) of wavelengths and wherein the second band comprises either 
the short band (S-band) or the long band (L-band) of wavelengths* 


110. (Original) The method of Claim 1 07, wherein receiving a plurality of optical 
input signals comprises: 

* 

i 

receiving the plurality of optical input signals at a polarization beakn splitter; and 

. * "I ' 

separating each of the plurality of optical input signals into a first portion comprising 
a first polarization and a second portion comprising a second polarization^ 
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111. (Original) The method of Claim 110, wherein receiving a pump signal 
comprises: 

receiving the pump signal at a polarization beam splitter, and 

separating the pump signal into a first pump signal comprising a first polarization and 
a second pump signal comprising a second polarization. 

1 12» (Original) The method of Claim 111^ wherein copropagating the plurality of 
input optical signals and the pump signal over a nonlinear optical medium comprises: 

propagating the first portions and the first pump signal in one direction ttirou^ the 
optical medixim; and 

propagating the second portions and the second pump signal in a second direction 
opposite the first direction through the optical medium. 

113. (Original) The method of Claim 107, wherein the optical medium con^^rises 
a propagation length selected to result in a conversion efifioiency associated with the 
converted wavelength signals of at least 4 J decibels and a cross-talk associated with the 
converted wavelengtli signals of -27 decibels or less over a wavelength r^ge of at least thirty 
30 nanometers. 

114. (Original) The method of Claim 82, wherein a polarization sensitivity 
associated with the converted wavelengths comprises less than 0,6 decibels or less over a 
wavelength range of at least 35 nanometers. - 
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115. (Original) A method of pratection switching, comprising: 
receiving a plurality of optical input signals each comprising at least one distinct 
wavelength residing in a first set of wavelengths associated with a first coiiimunication path; 
receiving a pump signal comprising a pump wavelength that is either shorter or 


longer than each of the wavelengths of the plurality of input optical sij 
detecting a fault as>8ociated with the first communication path; 

copiopagating the pluraUty of input optical signals and the pump signal over a 
nonlinear optical medium; 

generating a plurality of converted wavelength signals based on an interaction 
between the plurality of input optical signals and the pump signal, whWein the plurality of 
converted wavelength signals reside in a second set of wavelengths associated with a second 
communication path; and 

in response to detectmg the feult, communicating the pliiaUty of converted 
wavelength signals over the second ccmmiuiicatioxis path. 

116. (OrigiiiaO The method of Claim 115, wherein a cross-talk between the 
converted wavelength signals comprises less than minus fourteen decitlels (-14 dB) over a 
wavelength range of at least seven (7) nanometers or wherein a polkrization sensitivity 
associated with the converted wavelength signals is less than 1.2 decibels over a wavelength 
range of at least seven (7) nanometers, 

117. (Currently Amended) The method of Claim 115, wherein the first be&d set 
con^rises the conventiotxal band (C-band) of wavelengths and wherein the second hmd set 
comprises either the short band (S-band) or the long band (L-band) of wavelengths, 

118. (Original) The method of Claim 1 1 5, wherein receiving a plurality of optical 
input signals comprises: 

receivmg the plurality of optical input signals at a polarization beain splitter; and 
separating each of the plurality of optical input signals into a first portion comprising 
a first polarization and a second portion comprising a second polarization.' 
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119. (Origtaal) The method of Claim 118, wherein receiving a pump signal 
comprises: 

receiving the pump signal at a polarization beam splitter, and 


separating the pump signal into a first pump signal comprising a first polarization and 
a second pump signal comprisliig a second polarization, 

120. (Original) The method of Claim 1 19, wherein copropagating the plurality of 
input optical signals and the pump signal over a nonlinear optical medium comprises: 


optical medium; and 

propagating the second portions and the second pump signal in a second direction 
opposite the first direction through the optical medium. 

12 L (Original) The method of Claim 115, wherein the optical medium comprises 
a propagation length selected to result in a conversion eflSciency associated with the 
converted wavelength signals of at least 4.7 decibels and a cross-talk associated with the 
converted wavelength signals of minus twenty-seven (-27) decibels or less over a wavelength 
range of at least thirty (30) nanometers. 

122. (Original) The method of Claim 115. wherein a polarization sensitivity 
associated with the converted wavelengths comprises less than 0.6 decibels or less over a 

■ 

wavelength range of at least 35 nanometers. 

123. (Original) The method of Claim 115, wherein generating the plurality of 
converted wavelength signals comprises generating the plurality of converted wavelength 
signals after a fault has been detected. 

124. (New) The system of Claim 62, wherein the optical fiber is operable to 
facihtate a Chi-3 or effective Chi-3 nonlinear effect resulting in generation of the converted 

* 

wavelength signals comprising instances of the optical input signals reflected about a 

wavelength of a pump signal. 
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125. (New) The system of Claim 62, wherein the propagation length is at least 300 

meters. 


126, (New) The system of Claim 62, wherein the pump wavelength is close to the 
zero-dispersion wavelength. 


127. (New) Hie system of Claim 62, wherein the pump wavelength is within 2 
nanometers of the zero-dispersion wavelength, 

128. (New) The system of Claim 62, wherein the pump wavelength is greater than 
the zero-dispersion wavelength. 

129. (New) The system of Claim 124, wherein the pump wavelength is greater 
than the zerb-dispersion wavelength and wherein the Chi-3 nonlinear effect comprises 
parametric amplification or modulation instability. 

130. (New) The method of Claim 107, wherein the optical fiber is operable to 
facilitate a Chi-3 or effective Chi-3 nonlinear effect resulting in generation of the converted 
wavelength signals comprising instances of the optical input signals reflected about a 
wavelength of a pump signal. 

131. (New) The method of Claim 107, wherein the propagation length is at least 
300 meters. 


132. (New) Hie method of Claim 107, wherein the pmnp wavelengtti is close to 
the zero-dispersion wavelength. 

133. (New) The method of Claim 107, wherein the pimip wavelength is within 2 
nanometers of the zero-disp ersion wavelength. . 
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1 JA. (New) The method of Claim 107, wherdn the pump waveler^gth is greater 
than the zero-dispersion wavelength. 

135. (New) The method of Claim 130, wherein the pun^ ^velength is greater 
than the zero-dispersion wavelength and wherein the Chi-3 nonlinear effect comprises 
parametric amplification or modulation intensity. 
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